Background: Risk classification and prediction of prognosis in GIST is still a matter of debate. Data on the impact of age and gender as potential confounding factors are limited. Therefore we comprehensively investigated age and gender as independent risk factors for GIST. Methods: Two independent patient cohorts (cohort I, n = 87 [<50 years]; cohort II, n = 125 [≥50 years]) were extracted from the multicentre Ulmer GIST registry including a total of 659 GIST patients retrospectively collected in 18 collaborative German oncological centers. Based on demographic and clinicopathological parameters and a median follow-up time of 4.3 years (range 0.56; 21.33) disease-specific-survival (DSS), disease-free-survival (DFS) and overall survival (OS) were calculated.
Background
Based on the molecular pathogenesis of driver gain-offunction mutations in c-kit (80-90%) [1] [2] [3] [4] and less frequently in the PDGFRα gene (5-10%), gastrointestinal stromal tumors (GIST) became a molecular model tumor in oncology emphasized by the central role of receptor tyrosine kinases in their molecular pathogenesis and the availability of small molecule inhibitor therapy.
GIST occur with an annual incidence of 7 to 20 per million [5] [6] [7] [8] [9] . Most patients with GIST are diagnosed within the 7 th decade [10, 11] . Less than 10% of patients with GIST are younger than forty. There are also some single reports on pediatric GIST, which appear to be a different disease entity [12] [13] [14] . Although large-scale multi-centre studies are available (e.g. the populationbased study from Sweden [5] , the Surveillance, Epidemiology and End Results (SEER) database [10] and the AFIP studies [15, 16] , data are limited on the impact of age and gender related to risk classifications and/or prediction of prognosis in GIST. In particular it is still unclear whether prognosis of GIST in adult patients may be significantly altered by age (i.e. patients with an age younger than 50 years) and/or gender-related factors. Therefore, the aim of the present retrospective analysis was to elucidate comprehensively clinicopathological features of GIST patients younger than 50 years to identify potential age and gender-related effects on patient outcome.
Methods
Data of the independent multicentre Ulmer GIST registry were used to extract age-dependent patient cohorts (under and above 50 years of age at diagnosis) for further comparative analyses. Patient data of the multicentre GIST registry were retrospectively obtained from 18 collaborative oncological centres in Southern-Germany between 2004 and 2009. Substantial demographic and/or social selection bias of patients could be excluded since all contributing centres are part of general or university hospitals. As previously outlined in detail [17] , data registration of the multicentre Ulmer GIST registry is strictly based on clearly defined methodological criteria, such as Strengthening of the Reporting of Observational Studies in Epidemiology (STROBE) Statement and the User's Guide to Registries Evaluating Patient Outcomes [18] [19] [20] [21] .
Briefly, all patients from study centres with proven diagnosis of GIST were consecutively included unless they refused consent. The study was approved by the Ethics Committee of the Medical Faculty of the University of Ulm (No. 90 + 91/2006). Diagnosis of GIST was based on currently applied diagnostic criteria [16, 22] using histological characteristics (e.g. highly cellular spindle/epithelioid/mixed cell tumors), immunohistochemical status (positivity for KIT or PDGFRα) and mutational analysis of relevant c-kit and PDGFRα exons. Clinical data were retrospectively reviewed based on the hospital records including medical history and clinical follow-up. In addition, personal contact as well as telephone interview and/or review of medical charts in case of re-admission of patients served for data acquisition. The following parameters were defined as the most relevant clinical and clinicopathological features for the present work: age, gender, tumor localization (stomach vs. small intestine), histological subtype (spindle cell tumors vs. epithelioid/mixed cell tumors), primary tumor size (cut-off 1, 5 and 10 cm), mitotic rate (cut-off 5 and 10 per 50 HPF), immunohistochemical status of KIT or/ and PDGFRα (if uncertain: mutational status), secondary malignancy (yes vs. no), risk classification according to Fletcher et al. [23] (i.e. high vs. non-high) and according to Miettinen et al. [15] (i.e. high vs. non-high), tumor recurrence and/or metastasis.
At the time of data analysis for the present study, the multicentre Ulmer GIST registry consisted of 659 GIST patients (Figure 1 ). Since a previous clinical study by Cao et al. [24] suggested an age of 50 years as significant cut-off for the discrimination between GIST patients with worse and good prognosis, we stratified patients from our Ulmer GIST registry accordingly. 87 of the 659 GIST patients (13.2%) were younger than 50 years and defined as sub-cohort I, "young". To establish a control cohort with an age of ≥50 years at time of diagnosis, all remaining 572 GIST patients of the Ulmer GIST registry older than 50 years were defined as sub-cohort II+. To ensure highest completeness of clinical and follow up data, we extracted a sub-cohort from the sub-cohort II+ that included only those GIST patients that derived from the oncology center at the University Hospital of Ulm, finally encompassing a total of 125 GIST patients (study cohort II, "old"). The overall median follow-up time for both study groups, the sub-cohort I ("young") and sub-cohort II ("old"), was 4.3 years (range 0.56; 21.33).
Statistical analyses
Two-sided χ 2 -test or Fisher's exact test were applied, as appropriate, to check for differences of the demographic, clinical and clinicopathological parameters between the independent study-cohorts. Estimates for disease-freesurvival (DFS), disease-specific-survival (DSS) and overallsurvival (OS) were obtained by the Kaplan-Meier method and differences between Kaplan-Meier curves were investigated by the log-rank test. For analysis of DSS non GIST-related deaths were censored.
To prove the most relevant findings of the Kaplan-Meier analyses, an additional multivariate Cox proportional hazards regression model has been established for DSS and DFS. The variables gender, age, tumor localization have been defined as the most relevant independent variables of the model. If applicable, the Hazard Ratio (HR) and 95% confidence interval (95% CI) were calculated regarding tumor-related death and tumor recurrence and/or metastasis by applying univariate Cox proportional hazards regression models. To exclude confounding of analyses by treatment of GIST patients with the tyrosine kinase inhibitor imatinib, Kaplan-Meier analyses were recalculated, censoring all end-points and follow-ups after initiating of imatinib.
Statistical analysis was performed using SPSS V19.0 (SPSS Inc., USA). Level of significance was set to α = 0.05. Since all results rely on testing retrospective data, interpretation of hypotheses was done in an explorative manner. Therefore an adjustment of the significance level due to multiple testing has been not performed. Table 1 comprises all demographic and clinicopathological data of GIST patients enrolled in sub-cohort I ("young", <50 years) and sub-cohort II ("old", ≥50 years). Whereas the gender ratio, the tumor localization and histotypes, tumor size, mitotic rate, and risk scores according to Fletcher et al. [23] and Miettinen et al. [15] were similar between both subgroups, some parameters differed age-dependently ( Table 2 ). In patients older than 50 years small GIST tumors (<1 cm) (p = 0.002 (Fisher's exact), OR = 11.2, 95%CI: 1.5, 87.0) as well as secondary malignancies were more frequent (p < 0.001 (χ 2 -Test), OR = 3.5 95% CI: 1.6, 7.2) and more GIST-related deaths occurred (p = 0.017 (Fisher's exact), OR = 3.1, 95% CI: 1.1, 8.7). Syndromic diseases (Neurofibromatosis type 1, Carney triad) were found in three and four patients of sub-cohort I and II (both 3.4%), respectively.
Results

Survival analysis
At date of diagnosis the rate of metastasis was not different between sub-cohort I (10.3%) and sub-cohort II (12.8%; p = 0.586, Table 1 ). The outcome of GIST patients was generally more favourable in young patients (cohort I) vs. older patients (cohort II). DSS rates after 1-, 3-and 5-year follow-up in "young" vs. "old" patients were 98.5% vs. 96.2%, 96.6% vs. 87.0% and 96.6% vs. 81.2%, respectively. After 5-year follow up DSS was significantly better in GIST patients younger than 50 years (p = 0.015, log-rank-test; Figure 2 ). A multivariate Cox regression model adjusted for gender and tumor localization confirmed improved outcome for younger patients (p = 0.036, HR = 0.27, 95% CI: 0.079, 0.921). Moreover, we elucidated whether age as a continuous variable is an independent prognostic factor. Again we could show that the older age was associated with an increased risk for DSS (p = 0.002, HR = 1.049, 95% CI: 1.018, 1.080) and OS (p < 0.0001; HR = 1.051, 95% CI: 1.029, 1.074).
Next we investigated differences for DSS rates between "young" and "old" GIST patients (sub-cohort I vs. II) considering selected demographic and clinicopathological parameters as well as different risk scores as given in Table 3 and Additional file 1: Table S1 . Most strikingly a more favourable DSS after 5 years was found in female "young" patients (p = 0.008, log-rank-test, Figure 3A ), but not in men. Calculation of the corresponding HR failed since only censored events were observed in subcohort I. Moreover, DSS was better for "young" GIST patients with high risk classification according to Fletcher et al. [23] (p = 0.004;HR = 0.15, 95% CI: 0.04; 0.66), tumor size above 5 cm (p = 0.008; HR = 0.11, 95% CI: 0.01; 0.81), a mitotic rate ≥5/50 HPF (p = 0.026; HR = 0.22, 95% CI: 0.05; 0.95) and tumor localization in the stomach (p = 0.036; HR = 0.15, 95% CI:0.02; 1.17) according to univariate Cox regression models.
Additional analyses regarding DSS after 5 years in relationship to demographic and clinicopathological parameters as well as different risk scores in each sub-cohort revealed a more favourable outcome in "young" female patients (p = 0.033,log-rank test; Table 3 and Additional file 1: Table S2 , Figure 3B ) whereas DSS was not genderspecific different (p = 0.596) in sub-cohort II ("old"). Moreover DSS was improved in "young" patients with non-high risk GIST (p = 0.027) and with tumors characterized by a mitotic rate below 5/50 HPF (p = 0.038). DSS was also significantly improved in "old" patients with non-high risk GIST (p < 0.001, HR = 0.09, 95% CI: 0.03; 0.31), in GIST with mitotic rate <10/50HPF (p < 0.001, HR = 0.15, 95% CI: 0.06; 0.39) and with tumors sized <5 cm (p = 0.012, HR = 0.23, 95% CI: 0.07; 0.81).
DFS-rates for the follow-up times of 1-, 3-, and 5years were 88.4%, 81.2% and 78.8% in sub-cohort I as compared to 79.0%, 74.2% and 69.6% in sub-cohort II (Table 1) , indicating no significant differences (p = 0.364, log-rank-test; p = 0.916, multivariate Cox model adjusted for gender and tumor localization; HR = 0.968, 95% CI: 0.534, 1.756). Regarding tumor size ≥10 cm (p = 0.014, HR = 0.36, 95% CI: 0.14;0.90), mitotic rate ≥10/50 HPF (p = 0.011; HR = 0.34, 95% CI: 0.12; 0.92) and high-risk classification (p = 0.011; HR = 0.44, 95% CI: 0.22; 0.89) DFS was more favourable in "young" GIST patients (detailed data regarding log-rank test and OR at five years see Additional file 1: Table S3 ).
OS-rates were compared after 1-, 3-and 5-year follow up between sub-cohort I (98.5%, 93.2% and 91.2%) and sub-cohort II (90.8%, 77.4% and 67.0%, Table 1 ). Again GIST patients younger than 50 years showed a more favourable outcome which was significantly different (p <0.001; HR = 0.292, 95% CI: 0.140; 0.606, Figure 4A ). Regarding gender aspects again female patients particularly with an age <50 years showed better OS (p = 0.002, log-rank test; p = 0.008, cox model; HR = 0.141, 95% CI: 0.033; 0.604, Figure 4B ).
To replicate the association of clinical outcome data regarding age and gender we used study cohort II+ which included 572 GIST patients of the Ulmer GIST registry older than 50 years (Figure 1) . The descriptive and clinical data if provided for cohort II+ (Additional file 1: Table S4 ) were not different compared to cohort II "old" (Table 1) . However, the median follow-up time of cohort II+ was 3.25 years (range 0.01; 21.33) and approximately one year shorter compared with cohort II (4.57 years, range 0.56; 21.33). As shown by Figure 5 more favourable outcome was found again for young female GIST patients (<50 years) comparing DSS-rates after a 5 year follow-up (p = 0.032, log-rank test).
Discussion
The frequencies of GIST in men (54%) and women (46%) [6] are quite similar. About three quarters of GIST are diagnosed in patients aged above 50 years (median 58 years [25] ). In population based series including cases diagnosed at autopsy, the median age was approximately ten years older (66 to 69 years) [5, 7] . Combined data on age and gender related to clinicopathological findings of GIST and/or prognosis are limited. This may be of importance since gender-related effects (e.g. hormonal status) in younger GIST patients may contribute to GIST prognosis. Here, we present an observational study, evaluating comprehensively clinicopathological features of GIST and patient outcome to elucidate more deeply the role of patient's age and gender on the prognosis of GIST. We analyzed 87 GIST patients younger than fifty years (subcohort I) and compared these study cohort with data from a single-center collective of patients older than 50 years (n = 125, sub-cohort II). Both collectives are part of the multicentre Ulmer GIST registry, encompassing a total of 659 GIST patients at the time of study evaluation.
First, our data demonstrate that generally the distribution of gender, tumor localization, histotype, KIT status, mitotic rate, median tumor size and risk classification by different risk scores are similar between patients younger or older than 50 years at time of diagnosis, in concordance with data of large series of GIST patients [10, 15] . More detailed analyses however revealed a significant higher occurrence of small sized GIST (<1 cm) in patients ≥50 years (sub-cohort II, p = 0.002, OR = 11.2, 95%CI: 1.5; 87.0, Table 2 ). This Table 3 Disease-specific survival (DSS) for GIST patients <50 years (sub-cohort I, "young") versus ≥50 years (sub-cohort II, "old") related to GIST relevant clinicopathological parameters might be explained by the fact that diagnostic (e.g. endoscopies, radiological scans etc.) as well as surgical procedures are more frequently performed in this age group with a higher frequency of GIST diagnoses as an incidental finding. Autopsy data also support this assumption indicating that 10 to 35% of histologically investigated stomach tissues contain GIST-tumorlets (micro-GIST [26] [27] [28] . As expected, elderly patients (sub-cohort II) showed a significantly higher percentage of secondary malignancies (38.8% vs. 15,5%, p < 0.001, . Generally, the occurrence of secondary neoplasia in both GIST cohorts (sub-cohort I plus II) with 29.9% are comparable to published data, reporting secondary malignancies between 14% and 42% of GIST patients [29] [30] [31] .
The first most striking result of our study is a significantly more favorable DSS rate after 5 year follow up for patients younger than 50 years in comparison to older patients (p = 0.015, log-rank-test; Figure 2 ) although patients ≥50 years showed significantly more often smaller tumors (<1 cm). The beneficial prognostic effect held true for OS (p < 0.001, log-rank-test; Figure 4B ) in younger patients but was not seen regarding DFS (p = 0.364). Our data are supported by Tran et al. [6] who reported that older age (>65 years) was an independent predictor of mortality (OS) in GIST patients. In contrast a study including 188 patients showed that younger age (<50 yrs) was associated with worse prognosis in GIST (p = 0.035), highlighting a putative beneficial prognostic value of older age in GIST [24] . Reasons for this discrepancy may be due to the limited number of patients in the study by Cao et al. as well as the clinical endpoint OS used by the authors. Since, about 50% of death in GIST patients are not GIST-related, supported by our data, DSS may be a more appropriate clinical endpoint in GIST for outcome analyses.
The second interesting result of our study was a genderrelated difference in patient outcome. Only younger women showed better DSS (p = 0.008, Figure 3A ) and this effect held true after comparison of young female vs. male GIST patients in cohort I (p = 0.033, Figure 3B ). To exclude confounding by the use of the tyrosine kinase inhibitor Imatinib, Kaplan-Meier analyses for DSS were recalculated by censoring all patients who received TKI treatment, resulting again in a more favourable prognosis of young females (p = 0.047). These results are in accordance with data from Miettinen et al. who reported an excellent long-term-prognosis particularly in female patients younger than 21 years and gastric GIST [13] . In addition, male gender was associated by some authors with a more worse outcome [32, 33] .
The underlying mechanism for the gender-related more favorable prognosis of GIST in patients younger than <50 years remains unclear. There may be a relationship to the reproductive age in younger females or to the use of contraceptive medication but this is speculative and several confounding factors need to be considered.
Young females are significantly overrepresented among gastric GIST patients aged <40 years (>80%) [34] [35] [36] [37] [38] . Current knowledge confirms that the majority of GIST in young adults as well as in children, particularly female patients, representing a distinctive disease entity different from the kinase mutated GIST in adults (so-called type 1 GIST). This subtype of GIST harbors molecular alterations in the mitochondrial enzymatic cascade succinate dehydrogenase (SDH). Mutations in any of the four SDH subunits (A,B,C,D), either germline or somatic, result in complete loss of the nuclear expression of the subunit B shown by results of immunohistochemistry (SDHB-deficient or type 2 GIST) [34] [35] [36] [37] [38] [39] [40] [41] . Patients with germline mutations in SDHB may develop both GIST and paraganglioma (= Carney-Stratakis syndrome) [42] . On the other hand, patients with the non-hereditary Carney triad (GIST, pulmonary chondroma and paraganglioma) lack mutations in the SDH complex. Instead, epigenetic silencing of the SDH subunit C by DNA methylation as a novel nonheritable mechanism for the development of Carney triadassociated GIST may be more important [43] . Common to the heterogeneous type 2 GISTs are the early age of onset of disease before 40 years and a striking female predilection of >80% except SDH subunit A mutated cases which occur at relatively higher age and affect both genders. Thus, regarding the prognostic impact of age and gender, some of the young females of our study cohort might have had type 2 GIST. Nevertheless, given the low prevalence of SDHB-deficient GIST of about 7% among gastric GIST [36] , it appears to be unlikely that a predominance of type 2 GIST may explain entirely the age group effect of our study. 
